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reroxicaase (Donor.H202 oxidoreductase E. C .1 .11.
1.7) is one of the most widely studied enzymes in
higher plants. It is characterized by 1) its utili-
zation of a wide range of hydrogen donors (c.f. 115),
and 2) the existance of a large number of isoenzymes
(11 13, 26, 361. 63., 86, 88, 98, 101, 124, 129, 139)
'which vary from species to species. Moreover, the
peroxidase activity as well as its isoenzyme pattern
may alter under different physiological conditions
(13, 20, 29, 63, 137) or developmental stages (7, 8,
45, 47, 63, 88, 98),
• Although peroxidase has been studied for a long
time, its precise function in plants is still obscure.
Cumulative evidences-suggest that it plays an important
role in ethylene production (81, 130, 1411 142, 143),
lignin formation (48, 94)-, and disease resistance (31,
32,. 58, 75, 95, 106, 117, 132, 133), etc..
One particular property of peroxidase is that it also
shows IAA oxidase activity. The relationship between
peroxidas'e and IAA oxidase is complicated by the fact
that both enzymes exist in multiple forms (26, 36, 84,
118). Studies on the purification of isoenzymes suggest
-Z-
these isoenzymes can be classified into at least
2three groups: 1) peroxidases with both. typ::...:1 peroxi-
dase activity and IAA oxidase activity 2) peroxidases
having no IAA oxidase activity (26, 37, 14+) and 3)
IAA oxidases showing no peroxidase activity (118).
The exact role (s) of the multiplicity of peroxidase
is unclear. However, it might be possible that differ-
ent peroxidase isoenzyiie (or group of isoenzymes) is
responsible for different function.
In tobacco mesophyll cells, anodic peroxidase
isoenzynles are located only in the walls (145). In this
investigation, two anodic peroxidase is oenzyme s are
purified from tobacco mesophyll cell walls by means of
ammonium sulphate precipitation, polyacrylamide disc
electrophoresis in preparative scale and DEAE-cellulose
chromatography. The aim of this investigation is mainly
to try to understand the physical and catalytic proper-
ties of these wall-bound peroxidase isoenzymes.
3LITERATURE REVIEW
A. General aspects of primary plant cell wall
Plant cell wall is considered as a growing,
constantly changing chemical structure consisting of
a dispersed phase of- microfibrils. within a complex
continuous matrix. This structure is directly related
to the two important physiological activities: 1) as
one of the main differentiating cellular elements it
determines the morphology and to some degree, the
function of the cell and 2) in forming the limiting
envelope of the cell, the wall is directly involved in
regulating cell expansion.
The microfibrils are relatively inert and
rigid. The form and structural characteristics of the
wall are largely attributed to the 'amount and organi-
zation of these microf ibrils. Matrix materials are
generally considered more reactive than the microfibril.
The chemistry of cell wall has been. reviewed by several
authors and only pertinent papers will be included in
the following sections (65, 68, 92, 119)
1. Polysaccharide components
The microf fibrils in nearly all plant species
are made uD of cellulose with the exception in some
algae which may be composed of xylan Z30 —3) linked
xylose residues J or mannans linked maimose
residues_7 as reported by some authors (d, 33? 34-? 35).
Cellulose does not occur in yeast and some other fungi
(3? 91? 93). The structure of cellulose is characterized
by the long chain polymer consisting 8,000 to 12,000
glucose units withyS(1—4-) linkage (82). Polymeric
materials containing carbohydrates other than glucose
are always found with cellulose when it is isolated
from the wall (90, 91? 102). These non-glucan poly¬
saccharides may be adsorbed on the surface of the micro¬
fibril, or they may be part of individual heteroglucan
chains, or they may exist as separate chains intermingled
with the other glucan chains.
The polysaccharides of the matrix are composed
of hemicellulose and pectic substances. Hemicelluloses
are a heterogeneous group of compounds containing D-
xylose, L-arabinose, D-galactose, D-glucose, D-mannose,
and D-glucuronic acid residues (c.f. 119). Generally
one or two residues are predominantly found in the back-» •
bone chain, allowing four relatively distinct groups
of compounds to be recognized : xylans, mannans and
glucomannans, galactans and arabogalactans, and glucans.
The xylans and arabogalactans show considerable branching
while glucomannans are relatively unbranched. The
branches of xylans usually contain mixture of several
different monosaccharides. Pure galactans, maimans,
and glucans are rare in higher plants (c.f. 119)? tut
the latter two are often found in fungi (3, 93)
Usually the pectic substances are straight chain poly¬
mers of D-galacturonic acid residues which are partially
esterified with methyl groups. Attached to the main
chains are side chains that contain L-fucose, L-xylose,
and D-galactose. They are a complex mixture which can
be metabolicslly altered by transglycosylation reactions
even with the wall matrix (5? 111, 128).
2. Protein components
Tupper-Carey and Priestly (c.f. 65) were
the first to demonstrate the presence of protein in the
primary wall of meristematic cells in 1924. Later
numerous workers found that proteins are associated
with isolated cell walls (c.f. 65). The problem of
finding suitable criteria for cell wall protein remained
unsolved. In 1960 Lamport and Uorthcote (69) as well
as Dougall and Shimbayashi (22) discovered that hydroxy-
proline is a major constitutent of the hydrolysates of
cell walls from tissue cultures. Since that time many
other workers, using a wide variety of plant, have
illustrated the existance of a wall-bound nitrogenous
compound containing hydroxyproline (6, 16, 17, 4-6, 61,
96, 103, 131)- The cumulative evidence has shown that
the wall-bound nitrogenous substances containing hydroxy-
proline are widely found in plant cell walls. This
suggested that these substances might play an important
role in the structure of cell wall. The evidence for
the protein nature has been summarized by Lamport (65).
It is considered that this hydroxyproline-rich wall
protein is involved in cell extension, so it is named
'extensin'. 'Extensin' is glycosidically bound to
arabinose. Cleavage of hydroxyproline-arabinosidic
linkages yields an increase in cell wall plasticity
providing for an enhancement of cell elongation (66,
67). In some algal walls the protein contains hydroxy-
lysine (131), another amino acid which likes hydroxy-
proline.
The presence of proteins in plant cell
walls suggests that the wall serves as a part of the
metabolic machinery of the cell rather than as a dead
cell envelope. The cell wall can be considered as a
cell entity with its own complement of enzymes. In his
review, Lamport (68) has summarized that there are many
enzymes bound to the cell walls. These are cellulase,
glucanase, invertase, cellobiase, phosphatase, ATPase,
rihonuclease, deoxyribonuclease, and peroxidase0 The
yiochemistry and physiological role of peroxidase will
be reviewed in the later section.1
B. Peroxidase (Donor ; BqOq oxidoreductase E.C.1.11.1.7)
Peroxidase can utilize hydrogen peroxide to
oxidize a wide range of hydrogen donors such as phenolic
substances, cytochrome C, nitrite, leuco-dyes, ascorbic
acid, indoles, amines, and certain inorganic ions,
especially the iodide ion (c.fo 115)- Peroxidase acts
upon hydrogen peroxide as follows :
Peroxidase + ——Compound
Compound + AH —~—-Peroxidase + BO + A
Peroxidase is widely distributed among higher
plants although the enzymic activity varies considerably
from tissue to tissue in the same organismo TEie richest
known sources of peroxidase are the sap of the fig tree
and the root of horseradish (c.fo 115)© The presence
of peroxidase in different cell fractions varies with
the isolation procedures, but most studies indicate a
localization in the cell wall (19, 5 50, 73, 79, 105,
109, 126, 158, 145).
The multiplicity of peroxidase was first
detected by Theorell in horseradish roots in 1942 (c.f.
121). It is now recognized that peroxidase isoenzymes
%
are present throughout the plant kingdom.. The number
of peroxidase isoenzymes varies from species to species,
and even in the same species, it varies from tissue to
tissue. Moreover, the peroxidase isoenzyme pattern may
alter under different physiological conditions or
developmental stages ( 1, 7, 3, 13, 20, 21, 26, 29, 36, 4-5,
47, 52, 60, 63, 80, 85, 86, 88, 97, 98, 99, 101, 108, 122,
124, 129, 137, 139) Shannon (120) in his review on
plant isoenzymes has reported that as many as eighteen
peroxidase isoenzymes may be found in maize.
Because of the ubiquitous occurrence and the
ease of detection, peroxidase isoenzymes have been
investigated more than any other plant isoenzymes.
However, the majority of the studies on distinguishing
peroxidase isoenzymes were carried out by the use of
polyacrylamiae gel electrophoresis. In 1966, using
repeated ion exchange chromatographic techniques,
Shannon's group first purified seven peroxidase iso¬
enzymes from horseradish root (121). Their physical
properties, catalytic properties, and structural
relationships were studied (59, 121, 125). The puri¬
fication techniques encourages the studies of individual
peroxidase isoenzyme and enhances the understanding of
their physiological roles in plant growth and development
(101, 124).
It has been realized since the early 1950s
(40, 118) that IAA can be oxidized by plant peroxidase,
and since that time there have been continuous discussions
of the molecular site of IAA oxidase activity. Two
alternative possibilities, which ane not mutually
exclusive, have been considered : 1) IAA oxidase
activity and peroxidase activity reside on the same
molecule; and 2) molecules exist that have IAA oxidase
%
activity but are devoid of peroxidase activity. The
resolution of this problem requires precise purification
of the peroxidase and IAA oxidase activities. This
purification ?s complicated by the fact that most
plants contain several isoenzymes of peroxidase. IAA,
oxidase may also occur in several molecular forms.
Using a 8E-Sephadex C-50 column, Sequeira and Mineo
(118) found one major and several minor peaks of IAA
oxidase activity in tobacco root extracts and also in
a crystalline horseradish peroxidase preparation.
Meudt (84) found at least .two peaks of IAA oxidase
10
activity after Sephadex G-100 filtration of a tobacco
leaf extract. Using a new staining method after starch
gel electrophoresis, Endo (26) demonstrated the presence
of several bands of IAA oxidase activity in turnip,
radish, and morning glory roots. By using Endo's
staining procedure and polyacrylamide gel electrophoresis,
isoenzymes of IAA oxidase have been found in broad bean
roots' and -Dear fruits
Since both peroxidase and IAA oxidase can
exist in multiple molecular forms, these isoenzymes
can be divided into at least three classes on the basis
of their relative peroxidase and IAA oxidase activities:
1) Typical peroxidases that catalyze both peroxidation
reactions and IAA oxidations in the absence of added
hydrogen peroxide, e.g. horseradish peroxidase.
2) Peroxidases that show no IAA., oxidase activity (26,
36, 144).
3) IAA oxidas e s that have no peroxidase activity (118).
Siegel and Galston (125) took a different
approach to the question of the sites of peroxidase and
IAA oxidase activity. They found that when the hem
prosthetic group of horseradish peroxidase was removed
by treatment with acidified acetone, the apoenzyme
still had IAA oxidase activity but had lost its activity
(c.f.116)
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towards peroxidase substrates such as guaiacol.
Peroxidase activity could be partially restored by
reombining the here and the apoenzyme. Later, Hoyle
confirmed this result (52). But Ku, Yang and. Pratt
(64) found that if the prosthetic group of the horse-
radish peroxidase was removed by acid butanone, the
apoenzyme had almost no IAA oxidase activity.
Plant growth substances have never been shown
to have a direct effect on peroxidase activity in vitro,
but considerable effects on the levels of this enzyme
in vivo have been demonstrated in a wide variety of
tissues. IAA promotes peroxidase activity in tobacco
leaf (85), tobacco tissue culture (41, 110), Lens root
ribosomes (99), Lens embryo (43). IAA inhibits peroxidase
activity in tobacco pith culture (2nd cathodic per-
oxidase isoenzyme) (41), Pelargonium pith culture
(first inhibits, later promotes) (70), wheat coleoptile
(137), and Lens embryo (only one isoenzyme) (43).
Gibberellin promotes peroxidase activity in
tobacco pith culture (41) and dwarf bean seedling (55).
Gibberellin inhibits peroxidase activity in dwarf pea
internodes (11) and :Pelargonium pith culture (70).
Lee had worked out the effects of cytokinin on
peroxidase as well as IAA oxidase (71, 72, 73). He
reported that low concentration of cytokinin (e. go 0.2
yiM) can induce anionic IAA oxidase end peroxidase isoenzymes
in tobacco callus' cultures, but high concentration shows
inhibitory effect0
Ethylene is known to bring about alternation
in the amounts or effectiveness of numerous enzymes.
Probably the first enzyme known to be affected by ethy-
• •
lene is peroxidase. It has been found that ethylene
can increase peroxidase activity in tobacco, cotton (51),
sweet potato (39? 53, 54-, 27), potato, radish (53), pea
seedling (108, 109), and mango (83)• Induction of certain
isoenzymes of peroxidase in sweet potato roots occurs
within four hours and is blocked by cycloheximide. Acti-
nomycin D, however, has only a partial effect (39)•
IAA and ethylene can enhance peroxidase activity,
their reaction site may be different. Saijo and Takeo
(114) reported that peroxidase isoenzyme A1 was increased
by treatment with ethylene, and -peroxidase isoenzyme A2
was increased by treatment with IAA.
n TDh-T7-0 A « 1 -nrsl rs -P Ar»%-,r-; n
Although peroxidase has been studied for a long
time, its precise functions in plants are still obscure.
It has been suggested that peroxidase may play many
%
important roles in controlling physiological activities,
such as : ethylene production, lignin formation, and
disease resistance, etc..
1. Ethylene production
Yang has demonstrated that ethylene can be
formed from either keto analogs of methionine (2-keto-4--
methylthiobutyric acid), or methional by an enzyme system
which consists of horseradish peroxidase, sulfite, mono-
phenol, Mn++ and oxygen (14-1, 14-2, 14-3). Other system
containing peroxidase is also capable of generating
ethylene from various substrates (130). Mapson and
Wardale (81) have proposed a sequence of enzymes for
the conversion of methionine into ethylene in tomato
fruit : transaminase removes the amino group, and an
oxidase generates peroxides which permit peroxidase
to carry out the final oxidation .to produce ethylene.
2• hignin formation
Lignin is considered as the insoluble
constitutent of the cell wall that is aromatic, of high
molecular weight, and derived by the enzymic dehydrogen-
ation and subsequent polymerization of coumaryl, coni-
fepyl, and sinapyl alcohols (37). Lignin formation
occurs only during secondary thickening of cell wall.
Lignin penetrates the wall from the outside (primary
wall) inwards at a early stage of secondary thickening
(27, 28, 4-9, 14-0). It is a hydrophobic filler material
which replaces the w4ter in the cell wall and finally
encrusts the microfibrils and the matrix polysaccharides
so that the wall may become th.icker0 The precursors
of lignin synthesis have been studied in detail0 They
derive from carbohydrates by a pathway leading through
sedoheptulose-7-phosphate, shikimic acid, and prephenic
acid to L-phenylalanine and L-tyrosine. From these
aromatic amino acids the cinnamic acid derivatives are
formed which give rise to the alcohols that are the
direct building units of the lignin (89)• key enzymes
in the transformation of the amino acids to cinnamic acids
are the ammonia-lyases, and the most important one is
phenylalanine-ammonia lyase (E. C .4-. 3.1.5) (62). Alcohols
derived from cinnamic acid are dehydrogenated by an
enzyme of the type of laccase(p-diphenol:Op oxido-
reductase E.C.1.10.3•2) or peroxidase whereby they lose
their phenolic hydrogen atom and form radicals (37) The%
half-life of these radicals is very short and a rapid
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polymerization occurs yielding the lignin together with
linkages to carbohydrate(37).The occurrence of laccase
in fungi is widespread, however, lack of information on
its distribution in higher plants(48).Harkin and Obst
(48)demonstrated that syringaldazine did not turn purple
(no phenolic oxidation) on cross sections of tree branches
or saplings or on cambial tissue cultures unless hydrogen
peroxide was added. This indicated the absence of laccase
but presence of peroxidase in lignifying cells. Per-
oxidase, therefore apparently is the only enzyme that
polymerizes p-coumaryl alcohols to lignin in trees.
other evidences can be obatined from Ohguchi and Asada's
work(94).They showed that lignification of cell walls
in roots of Japanese radish infected with downy mildew
was followed by an increase in peroxidase activity. De-
hydrogenation polymerization products were formed from
coumaryl and conferyl alcohols in vitro with peroxidase
preparation from japanese radish roots. Characteristic
properties of the dehydrogenation polymerization pro-
ducts were similar to those of lignins isolated from
healthy and diseased roots.
3. Disease resistance
It has been suggested that the resistance
of plants to microorganisms infection was due to compounds,
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probably phenolics, which were formed after invasion of
the pathogens (23). The activities of peroxidase and
catalase were studied by Rudolph and Stahmann (113) in
connection with their possible role in the virulence of
Pseudomonus ph.aseolicola' and the susceptibility of the
bean plant Pha seolus vulgaris to this pathogen. They
observed that peroxidase activity remained unchanged
or decreased in susceptible bean leaves infected with
a virulent strain of P. phaseolicola and increased
following infection by a less virulent one. Analog-
ously, peroxidase activity in resistance bean variety
showed a greater increase following infection. with a
virulent strain than did a susceptible variety. It
seemed that heightened peroxidase activity favors resist-
ance to P. pha.seolicola. Indirect evidence for this
contention is derived from the observation that in a.
comparison of several isolated P. phaseolicola, the
virulent isolate contained a higher catalase activity
than the less virulent ones (113). From these obser-
vations it would appear that increased catalase activity
caused by the virulent isolates reduced the efficacy
of the natural defenses of the bean plant. It was pro-
posed that this was accomplished by a suppression of
the peroxidase activity, specifically by ca.talase destroying
substrate of the peroxida.se enzyme.
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Although many researches have found per-
oxidase activity increase in both resistant and sus-
ceptible plants in response to infection by virus (10,
T, 30, 31, 76), fungi (9, 32, 38, 58, 95, 106, 117,
135), and bacteria (75), no one has demonstrated- the
peroxidase inhibition of invading microorganisms. In
197+-, Ur s and. Dunle avy (132, 133) showed that Xanthomonas
phaseoli var. sojensis, the soybean pathogen, is sus-
ceptible to a peroxidase-mediated antimicrobial system.
This was the first report of the bactericidal activity
of peroxidase on plant pathogenic bacteria. They also
found that certain phenolic compounds such as catechol,
scopoletin, guaiacol, hydroquinone, and ferulic, caffeic,





Tobacco plant, Nicotiana tobacum, was used in
this experiment. Mature leaves from 8-10 weeks old
tobacco plants were washed in sterilized distilled water
and then surface sterilized for 3 minutes in 1:33 dilutior
of a commercial chlorine laundry bleach., Chlorox, which
is approximately equivalent to 0.02% sodium hypochlorite.
After immersed in 70% (v/v) ethanol for 30. seconds,
leaves were rinsed with sterilized distilled water for
at least 5 times. After the edges, midribs and large
veins were removed, the leaves were cut into fine strips
and incubated at 27 o C for 3 hours in PRL4 medium (Table
1) (42) containing 2% (w/v) Macerozyme (pectinase)
(Yakult Biochemical Co. Ltd., Japan), 0.7M mannitol,
and-2% (w/v) sucroseo
At the end of incubation, the medium was filtered
through cheesecloth to separate the undigested tissues
from the isolated cells. The filtrates were left to
settle, and the supernatant containing chirorplasts
and broken cells were removed with a Pasteur pipette.
The concentrated cell preparation was then resuspended
in the above medium, and the supernatant was removed in
Table 1. Composition of PRIA medium



































Stock solution - Dissolved in 100 ml of water : 278 mg FeSO.70 and 372 mg
Na2EDTA. Kept frozen.
Stock solution - Dissolved in 100 ml of water : 1000 mg MnS0.H20, 300 mg HB0_
300 mg ZnS04.7H20, 25 mg NaMo04.2H2Q, 25 mg CuSO, and 25 mg CoCl2.6H20.
Kept frozen.
Stock solution - Dissolved in 100 ml of water : 10 mg of nicotinic acid, 100 mg
thiamine-HCl, 10 mg pyridoxine-HCl, and 1000 mg myo-inositol. Kept frozen.
the same manner. This process was repeated several
times until the preparation examined under the micro¬
scope appeared clean.
B. Protoplast preparation
The concentrated cell preparation was treated
with 2.5% Onozuka R-10 cellulase (Yakult Biochemical Co.
Ltd., Japan). After incubation at 27°C for 2~d hours,
most of the walls of cells were digested, and the suspen¬
sion of protoplasts was left to settle and the super¬
natant removed. The protoplast preparations were washed
several times with the medium until the preparation
examined under microscope showed no free chloroplasts
or cell wall fragments0
C. Chlorophyll determination
Chlorophyll was determined by a modification
of Arnon's method (2). mililitre of protoplast
preparation was shaken with 1 ml MeOH : CHCl (2:1, vv),
19 ml acetone was added and the final volume was made
up to 25-0 ml with distilled water. The solution was
filtered and the absorbancy was measured at 625 m
against acetone. The amount of chlorophyll was calcu¬
lated by the following equation :
Absorbancy at 625_rjL x = Concentration of chlorophyll (mgml)
34.5 0.5
D. Protein determination
Protein contents in all assays were determined
according to Lowry's method (77)° Reagent A contains
2Po (wv) Na CO, (in 0«1 R RaOH), 1 % (wv) CuSO, .5H 0,
c- J 2
• A
and 2% (wv) sodium-potassium tartrate0 Reagent B is
1:1 diluted Polin reagent. In the determination of
protein concentration, 2 ml reagent A was added to 0.2
ml protein sample and mixed. After 10 minutes, 0.2 ml
reagent B was added and the mixture was mixed thoroughly.
After 30 minutes, the absorbancy was measured at 750 nm
against blank. The blank contained 0.2 ml distilled
water, 2 ml reagent A, and 0o2 ml reagent B. The protein
content was determined from the protein standard curve
which was prepared by bovine serum albumin.
E. Enzyme extraction
The cell or protoplast preparations were homo¬
genized in the incubation medium in a pre-chilled mortar
and pettle with acid-washed sand. The homogenates were
then centrifuged by a Sorvall centrifuge at 20,000 x g
for 20 minuteSo The supernatants were assayed for
enzyme activities. _ j
E. Enzyme assays
1° Peroxidase activity
The enzyme activity wps assayed by thev
modified method of Chance and Maehly (145). The reaction
mixture contained 1 ml of sodium phosphate buffer (10 mM,
pH 7-0), 2 ml of guaiacol (20 mM), and 0.05 ml of the
enzyme extract. Both the substrate and the buffer were
preincubated at 27°C. The reaction was started by the
addition of 0.15 ml of hydrogen peroxide (20 mM freshly
diluted from 35% (wv) hydrogen peroxide). The change
in absorbancy of the mixture was measured. One
unit of peroxidase activity was defined as that brings
about an increase of 0.01 in the Amin
2. Indole-3-acetic acid (IAA) oxidase activity
A modification of the procedure suggested
by Ray (107) ws used in the determination of IAA oxidase
activity. The reaction mixture contained 0.1 ml 2,4-
dichlorophenol (1.25 mM), 0.4 ml mixture of IAA (1 mM)
and MnCl.HO (0o5 mM, pH 4.7), and 0o1 ml of the enzyme
extract. The cofactors, buffer, and substrate were
incubated separately at 34°0, before mixing in a quartz
cuvette. After the addition of enzyme, change in
was measured over 30 minutes by a Beckman Model 25
spectrophotometero The temperature of the sample compart¬
ment in the spectrophotometer remained at 34°C during
the entire incubation period. One unit of enzyme acti-
vity was defined, as that which brings about pn increase
of 0.01 in the Amin. ,
G. Isolation and purification of peroxidase isoenzymes
from tobacco mesophy11 cells
Steps in the isolation and purification of per¬
oxidase isoenzymes from tobacco mesophyll cells were
shown in Fig. 1.
1. Crude•peroxidase preparation
Mature leaves from 8-10 weeks old tobacco
plants were washed in water and blotted dried. After
removing the edges, midribs and large veins, the leaves were
cut into strips and blended with 0.1 M EHPO in a Waring
blender for 3 minutes. The homogenate was filtered through
cheesecloth, the filtrate was brought to 35% ammonium
sulphate saturation. The solution was then centrifugated
at 20,000 x g for 20 minutes. The pellet was discarded
and the supernatant was brought to 90% ammonium sulphate
s
saturation. The solution, after standing overnight, was
•t
centrifugated at 20,000 x g for 20 minutes. The pellet was
collected and dissolved in 0.005 M Tris(hydroxymethyl)-
j
aminomethane-HCl (Tris-HCl) buffer, pH 7-0. The solution
was then dialysed against 0.005 M Tris-HCl buffer, pH 8.0,
containing 0.1 M KC1, for 4-8 hours. The dialysate was
centrifuged at 20,000 x g for 20 minutes and the super-
natant was lyophilized and designated as crude peroxidase
V 4
fraction.
2. Polyacrylamide gel disc electrophoresis
The crude peroxidase fraction was separated
into isoenzymes by means of polyacrylamide gel disc
electrophoresis on the basis of the method of Davis (18).
Gels were prepared from the following solutions :
(A) Tris-HCl buffer, 3.M, pH 8.9, with 0.23% (vv)
OTN'N' tetramethylethylene diamine (TEMED) added.
(B) Tris-HCl buffer, 0.5 M, pH 6.7, with 0.46% (vv)
TEMED added.
(C) 28% (wv) acrylamide and 0.71-% (wv) methylene
bisacrylamide.
(D) 10% (wv) acrylamide and 2.5% (wv) methylene
bisacrylamide.
(E) 1- mg of ribiflavin in 100 ml of water.
(E) 1-0% (wv) sucrose solution.
(G) 0.11-% (wv) ammonium sulphate solution (freshly
prepared) . •
.The running (lower) gel contained 1 part of
solution A, 2 parts of solution C, 1 part of water, and
1- parts of solution G. The spacer (upper) gel containedi
1 part of solution B, 2 parts of solution D, 1 part of
solution E, and 4- parts of solution P. Tris-glycine I
buffer (5 mM, pH 8.3) was used as the buffer in electro-%
phoresis.
The crude peroxidase sample was dissolved in
20% (wv) sucrose solution in the Tris-glycine buffer. The
concentration of the sample was 10 mg crude peroxidase per
ml of sucrose solution. By the use of a microsyringe, 100
pi of the sample solution was applied to the top of the
spacer gel. With the anode connected to the bottom reservoir
and the cathode to the top, electrophoresis was run for 3
hours at a constant current of 8 mA per column (10 mm x
70 mm) in a fC room. At the end of electrophoresis,
«
each gel column was cut into d strips, one of them was
stained with 5 mM (resly prepared), 10 mM guaiacol
(in 10 mM phosphate buffer, pH 70) to locate peroxidase
bands, and the other three were cut to separate the two
isoenzyme bands with the stained one as reference,
The slow moving peroxidase isoenzyme was
designated as P fraction and the fast moving one as P
fraction. The gel pieces were then blended in a Edmund
Buhler blender at maximum speed for 3 minutes. Super¬
natant were then lyophilized and stored below 0°C.
When gels were prepared for protein staining,
20 1 of the sample solution (2 mgml) was applied to a
small column (5 mm x 70 mm). Electrophoresis was carried
out at room temperature at a constant current of 2.5 mA
per column forabout 2 hours until the marker, bromophenol
blue (0.005% wv), had reached the end of.the gels. els
were then stained with 0.25% (wv) Coomassie Brilliant
blue for 2 hours and destained in a solution of acetic acid :
methanol : water (1:3:10, vvv).
Since the two peroxidase isoenzyme bands
after electrophoresis were very closed together, gel pieces
of each isoenzyme after cutting was contaminated by the
other. Thus both peroxidase isoenzyme fractions were fur¬
ther purified by ion-exchange chromatography.
3. Ion-exchange chromatography
Ion-exchange chromatography was used for
further purification of peroxidase isoenzymes according
to the method of Shannon et al (121).
Peroxidase isoenzyme fractions obtained from
polyacrylamide gel disc electrophoresis were dialysed
against 0.005 M Tris-HCl buffer, pH 8.4, and were trans¬
ferred to a diethylamino ethyl cellulose (DEAE-cellulose)
column (16 mm x 200 mm) previously equilibrated with the
same buffer. The DEAE-cellulose solumn was eluted with a
1
linear gradient of NaCl solution consisting of 500 ml bf
0.005 M Tris-HCl buffer, pH 8.4 containing 0.1 M NaCl,
Effluent fractions containing enzyme activity as illustrated
in Fig. 5 and 6 were designated as P and P. After dia-
Fig. 1 Flow chart of isolation and purification of
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90% ammonium sulphate saturation
Standing overnight
Centrifugation
(20,000 x g; 20 min.)
Residue Supernatant
DiscardedDissolved in 0.005M Tris-HCl
pH 7.0
Dialysed against 0o005M Tris-HCl,
pH SoO, containing 0o1M KC1
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lysis and lyophilization, they were stored belowed 0°C.
V
H. Isoelectric point determination
Isoelectric points of the two peroxidase isoenzymes
were determined by isoelectrofocusing (LKB Electrofocusing
System 8100-10)• Electrode solutions were prepared as
•follows :
a) Dense electrode solution (cathode at the bottom
of column) : 0o4- ml ethanolamine, 14-.0 ml distilled water
and 12.0 gm sucrose.
b) Light electrode solution (anode at the top of
column) : 0.1 ml sulphuric acid and 10.0 ml distilled
water.
One per cent of standard Ampholine (4-0%, pH range
3.0-6.0) was used as carrier ampholytes. The solutions for
density gradient were prepared as follows :
a) Dense solution : 1.87 ml standard Ampholine
(4-0%) was diluted to 4-2 ml with distilled water, and 28.0 gm
of sucrose was dissolved in it.
b) Light solution : 0.63 ml standard Ampholine
(4-0%) was diluted to 60 ml with distilled water.
[i
For 110 ml column, 20 mg of crude peroxidase fas
I
applied. Electrophoresis was carried out at 500 volts for
60 hours at 10°C. Two millilitre fractions were collected
and their pH and enzyme activities were determined,4
I. Amino acid composition analysis
The method of Moore and Stein (87) was employed
for analysing the amino acid composition of the purified
peroxidase isoenzymes. Samples (1 mg) were hydrolyzed
with 6N HC1 for 22 hours at 110°C in sealed vacuated tubes.
The hydrolysates were dried under vacuum and the residues
were dissolved in a measured volume of 0.067 M sodium
citrate buffer. pH 2.2. The solutions were analysed for
the amino acid composition by an amino acid analyser
(Beckman Model 120 C). Acidic and neutral amino acids
were analysed on the long column (1.9 cm x 56 cm, Beckman
AA-15 resin) by eluting at a total flow rate of 102 mlhr.
with a change of buffer from 3.25 to 4.25 The basic amino
acids were analysed on the short column (0.9 cm x 6.0 cm,v
Beckman PA-35 resin) by eluting at a total flow rate of
102 mlhr. with 0.12 M sodium citrate buffer, pH 5«25. The
peak areas on the chromatograms were evaluated by the dot-
counting method.
J. Molecular -weight determination
The molecular weights of the two peroxidase iso¬
enzymes were determined by sodium dodecyl sulphate (SDS)
gel electrophoresis (24, 136). Gels were prepared from the
following solutions :
(A) Gel solution : 22.2% (wv). acrylamide and 0.6% (wv)
methylene bisacrylamide.
(B) Gel buffer : 7.8 gm UaHPO.HO, 38.6 gm NaHPO.HQ,
and 2.0 gm SDS per litre buffer.
(C) 1.5% (wv) ammonium persulphate solution (freshly
prepared).
(D) NlOT'N'-tetramethylethylene diamine.
Ten per cent acrylamide gel was prepared by mix¬
ing 9 ml of solution A, 10 ml of solution B, 1 ml of
solution C., and 3 Jul of solution D. Gel buffer, diluted
1:1 with water, was used as electrode buffer. The protein
samples were incubated with myoglobin at 37°G, at a con¬
centration of 1 mgml, in the following media :
a) 4- M urea and 1% (wv) SDS in 0.01 M phosphate
buffer, pH 7«0.
b) 4- M urea, 1% (wv) SDS, and 1% (wv) 2-mercapto-
ethanol in 0.01 M phosphate buffer, pH 7-0.
After incubation, 30 Jul of the sample solutions
were applied on the top of the gels. Electrophoresis was
performed at a constant current of 7 mA per gel with the
j
anode at the bottom for 5 hours.. Myoglobin, chymotryp-j
sinogen A, ovalbumin, and bovine serum albumin (SchwarrMann
Co., U.S.A.) were used as standards and treated in the
same manner as the sample. After electrophoresis, gels
were stained with. 0.25% (wv) Coomassie Brilliant Blue%
for 2 hours and destained in a solution of acetic acid :
methanol : water (1:3:10; vvv).
RESULTS
A. Peroxidase in tobacco mesophyll cells
——ipw —————. —r . - i— .nw—
1o Peroxidase activity in incubation medium
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Equal concentrations of isolated cells
were incubated in PRLA medium with or without cellulase,
and enzyme activities in the media were assayed at differ¬
ent time intervals. With those incubations containing
cellulase, a rapid increase of peroxidase activity was
observed in the first half hour. Then the activity
increased steadily until after 3 hours, the peroxidase
activity reached a plateau (Pig. 2). With those incu¬
bations containing no cellulase, only slightly increase
of peroxidase activity was observed (Pig. 2).
No peroxidase activity could be detected in
the Macerozyme and Onozuka R-10 cellulase. The addition
of Macerozyme or Onozuka R-10 cellulase to horseradish ,
peroxidase (Sigma Co., U.S.A.) neither stimulated nor
inhibited the activity of peroxidase.
2o Peroxidase in tobacco mesophyll cell walls
Peroxidase activities in protoplasts and
cell walls are shown in Table 2. The peroxidase activity
in the cells were approximately 6 times as high as in
I
the protoplasts. The peroxidase activity in the cell
walls was calculated from the difference in enzyme
Fig. 2 Time course study of peroxidase released
from the cell preparation to the medium
in the presence ( ®—and absence
(o—o— o) of cellulase.
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(whole cell- 212,E 84
protoplast)
Chlorophyll concentration in cell preparation
and protoplast preparation were 0. 20 mg/ml
and 0062 mg/ml respectively. The cells were
isolated from leaves by incubating the tissue
with 2% (w/v) Macerozyme in PRIA medium con-
taining 0.7 M mannitol and protoplasts were
prepared from the isolated cells by treatment
with 2.5%, (w/v) cellulase c
activities between cells and. protoplasts. Approximately
4
84% of peroxidase was located in the cell walls.
3. Peroxidase isoenzymes
Ion-exchange (DEAE-cellulose) chromatography
and polyacrylamide gel electrophoresis were used for the
detection of isoenzymes of peroxidase in tobacco meso-
phyll cells. 'Two peaks with peroxidase activity was
found after chromatographic separation (Pig. 3)«
Pol7acrylamide gel disc electrophoresis
also indicated the presence of two isoenzyme bands
(Pig. 4). No anodic isoenzymes could be detected in
protoplasts. The two anodic peroxidase isoenzymes in
cell extract could thus represent peroxidase isoenzymes
in the walls. Both of the two peroxidase isoenzymes
located in the tobacco mesophyll cell walls were more
negatively charged than those of horseradish peroxidase
(Pig. 4).
B. Purification of peroxidase isoenzymes in tobacco
mesophyll cell walls
Crude peroxidase was prepared from tobacco leaf
j
homogenate by ammonium sulphate precipitation between]
35-90% saturation. Since no peroxidase activity could
be detected in the residue after 35% ammonium sulphate
saturation and the supernatant after 90% saturation,
Fig. 3 Elution profile of crude peroxidase from
DEAE-ceilulose column.
Column size: 30 mm x 200 mm
First elution system: Linear gradient of
solution 'consisting of 500 ml of 0o005 M
Tris-HCl, pH 8od and 500 ml of 0o005 M
Tris-HCl, pH 8od containing 0o1 M NaCl.
Second elution system: Linear gradient of
solution consisting of 500 ml of 0o005 M
Tris-EGl, pH 80d containing 0o1 M NaCl
and 500 ml of 0.0o5 M Tris-HCl, pH Sod-
containing 1.0 M NaCl.


































Pigo 4 Isoenzyme pattern in crude tobacco mesophyll
peroxidase (IMP) and horseradish peroxidase
(HRP) separated by polyaery1amide gel disc
electrophoresis. Enzymes were located by
incubating gels with 5 H0o and 5 mM
guaiacol in 10 mM phosphate buffer, pH 7®0»
P: Slow moving isoenzyme of TMP
Past moving isoenzyme of TMP
Ap Aj: Anodic isoenzymes of HRP
M: Marker (Bromophenol Blue)
Current: 2,5 mA per column




















all peroxidase activity detected in the homogenate
4
should he recovered in this fraction. In this study,
80.7% recovery was obtained.
The anodic peroxidase isoenzymes were spearated
by polyacrylamide gel disc electrophoresis. Gel pieces
containing each peroxidase isoenzyme was contaminated by
the other. These two fractions were further purified
by DEAE-cellulose chromatography. Fig. 5 snd 6 show the
elution profiles of these two fractions. Each fraction
was separated into two peaks which showed peroxidase
activities. These peaks were superimposable with their
protein peaks. The small peak in the elution profile of
each fraction was the contaminated isoenzyme. The purified
peroxidase isoenzymes were designated as P (slow moving
peroxidase isoenzyme) and P (fast moving peroxidase
isoenzyme). Their specific activities were found to
II
be 10,975 and 9,169 unitsmg protein respectively (Table
5).
Peroxidase isoenzymes were tested for homogeneity
by polyacrylamide gel disc electrophoresis. Each iso¬
enzyme migrated as single protein band with a character-
j
istic mobility. The electrophoretic mobility of the j
protein band coincided with the enzyme band (Fig. 8).
C. General properties of peroxidase isoenzymes in
tobacco mesophyll cell walls
Fig. 5 Elution profile of slow moving peroxidase
isoenzyme (after polyacrylamide gel disc
electrophoresis) from DEAE-cellulose column.
Column size: 16 mm x 200 mm
Elution system: Linear gradient of solution
consisting of 500 ml of 0.005 M Tris-HCl,
pH 8.1- and 500 ml of Tris-HCl, pH 8.4
containing 0o1 M NaCl.
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Fig. 6 Elution profile of fast moving peroxidase
isoenzyme (after polyaery1amide gel disc
electrophoresis) from DEAE-cellulose column.
Column size: 16 mm x 200 mm
First elution system: Linear gradient of
solution consisting of 500 ml of 0o005 M
Tris-HCl, pH 8.4 and 500 ml of 0o005 M
Tris-HCl, pH 8.4 containing 0.1 M NaCl.
Second elution system: Linear gradient of
solution consisting of 500 ml of 0o005 M
Tris-HCl, pH 8 ,4 containing 0 o1 M NaCl
and 500 ml of Tris-HCl, pH 8.4 containing
1.0 M NaCl.












































Table 3 Enzyme activity in purification steps.
54-o4 gm of tobacco mesophyll tissue was
blended in 200 ml o,1 M K2HP0Z[_o To 100 ml
filtrate, 194- gm ammonium sulphate was
added to bring to 35% saturation. After
centrifugation, 36o9 ammonium sulphate
was added to 100 ml of 35% saturated super¬
natant to bring to 90% saturation Other i















































Fresb wt. of tobacco mesophyll tissue: 54-4- gm
: Slow moving peroxidase isoenzyme
2: Fast moving peroxidase isoenzyme
Fig. 7 Polyacrylamide gel disc electrophoresis of
peroxidase isoenzymes P and P .
Bromophenol Blue was used as marker (M).
Enzymes were located hy incubating gels with
5 mM and 5 mM guaiacol in 10 mM phosphate
buffer, pH 70

















Fig. 8 Protein and enzyme activities of peroxidase
isoenzymes P and P after electrophoresis.
Gels were incubated in 5 mM HO, and 5 mM
guaiacol in 10 mM phosphate buffer, pH 70
to locate enzyme band. For protein staining,
gels were stained with 0.25% (wv) Coomassie
Brilliant blue for 2 hours and destained in
a solution of acetic acid: methanol: water
(1:3:10; vvv).
P and P: Enzyme bands
Pj and P : Protein bands
M: Marker (Bromophenol blue)






1. Isoelectric point determination
The isoelectric points of peroxidase iso¬
enzymes were determined by isoelectrofocusing using
Ampholine as carrier ampholytes. Fige 9 shows two peaks
with peroxidase activity after electrofocusing. The pH
of these peaks were h.5 and 3«5 and they represented the
isoelectric points of peroxidase isoenzymes P and P
respectively.
2. Amino acid analysisnrrfiT'H ' P raw——nn ————mmm rnrnamm
Table 4- shows the amino acid compositions
of peroxidase isoenzymes P and P. Both of them have
a high content of acidic amino acids, i.e. aspartic
acid and glutamic acid. The acidity of these two iso-
enzymes can be attributed to their high acidic amino
acid contents. Data also showed that both isoenzymes
contain no hydroxyproline which is one of the major
components of cell wall proteins 'extensin'.
3. Molecular weight determination
By means of sodium dodecyl sulphate (SDS)
polyacrylamide gel electrophoresis, there was a linear
relationship among the relative mobilities and logarithms
molecular weights of the protein standards, i.e. bovine
albumin, ovalbumin, chymotrypsinogen-A and myoglobin
(Pig. 10,11). With known relative mobilities', the
Fig.9 Determination of isoelectric points of peroxidase
isoenzymes P and P by electrofocusing.
Carrier ampholyte: Ampholine (LKB, Sweden)
pH gradient: 3.0-6o0
Peroxidase activity in each fraction was assayed
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Table 4-. Amino acid composition of peroxidase isoenzymes.
Amino acid




















































Residues per 100 amino acids
Fig. 10 Sodium dodecyl sulphate (SDS) gel electro¬
phoresis of peroxidase isoenzymes P and P.
The standard gel (STD) contained bovine serum
albumin (A), ovalbumin (B) , chymotrypsinogen
A (G) and myoglobin (D). Myoglobin was used
as reference.











Figo 11 Log moleculRr weights of bovine serum albumin
(A m.w. 67,000), ovalbumin (B m.w. 45,000),
chymotrypsinogen A (C m.wo 2.5,000) and
myoglobin (D m.wo 17)800) plotted against
their relative mobilities (m.yoglobin was
designated as 1).
With known relative mobilities of peroxidase
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molecular weights of peroxidase isoenzymes and P
were determined0 The two peroxidase isoenzymes were
incubated in the presence and absence of mercapto-
ethanol before electrophoresis0 No dissociation could
be observed after electrophoresis and it indicated that
both isoenzymes were in the form of single subunit with
apparent molecular weight of 35?OOOo
D. Catalytic properties of peroxidase isoenzymes in
' , 11 1 1 1 H »
tobacco mesophyll cell walls'
1. Dependence of peroxidase isoenzyme activity on
- „ U ift
temperature
As shown in Pig, 12, the activities of
peroxidase isoenzymes were enhanced when reaction temp¬
erature was increasedo At 70 C, the activities of P
and P were increased to 160% and 280% of the activities
assayed at 27 C respectively. When the reaction temp¬
erature was increased to 90 C, both isoenzymes were
completely inhibited.
20 pH profiles of peroxidase isoenzymes
The pH effects on peroxidase isoenzymes P
and P were studied ranging from pH A00-12.0. The pH
profiles were shown in Pig. 13« P had optimal activity
at pH 7.0. The pH optimum for P was found to be 75
Figo 12 Dependence of activity of peroxidase iso¬
enzymes P and P
on temperature.
Duration of incubation: 15 seconds












20 40 60 8 0
Reaction Temperature (°C)
Fig. 13 Effect of pE on peroxidase isoenzyme P
and P
activities.























3. Michaelis-Meriten Constants (Km) of peroxidase
isoenzymes
The activities of peroxidase isoenzymes P
and Pp were detemined under different concentrations of
substrates, HpO anci guaiacolo Their Michaelis-Menten
constants (Km) were estimated by the Lineweaver-Burk
plot of the substrate concentration and the activity.
The Km for HpOp of P and Pp were 1.82 and 0o87 mM,
respectively (Pig. 1d) . However, as shown in Pig. 15,
both Pj and Pp had Km of 55 for guaiacol, the
hydrogen donor.
do Inhibitory effects of HpOp and guaiacol on the
—I.— i Wl ON. . . „ , , , .
activities of peroxidase isoenzymes
Both HpOp and guaiacol showed inhibitory
effects on the two peroxidase isoenzymes P and PpQ
P was more susceptible to high concentration of HpOp.
About 20 mM of HpOp could result in 50% inhibition of
P activity0 Por 50% inhibition of PQ, 50 mM of Ho0oI dL i
was required (Pigo 16).
%
The inhibitory effect of guaiacol on the
two isoenzymes were similar. Por 50% inhibition of P
Figo 14 Lineweaver-Burk plot of peroxidase isoenzymes
and with respect
to hydrogen peroxide (EC) concentration.
































Fig, 16 Inhibitory effect of hydrogen peroxide
(HC) on peroxidase isoenzyme P
and P
activities o









H202 Concentration ( m M )
30 40 50
Fig. 17 Inhibitory effect of guaiacol on peroxidase
isoenzyme P end P0C-
activities.










P activities, 58 and 67 mM of guaiacol were required
respectively (Pig. 17)
5. pH profiles Of IAA oxidase activities of
peroxidase isoenzymes
Pig. 18 showed the effect of pH on IAA oxidase
activities found in peroxidase isoenzymes P and P.
pH optima for both isoenzymes were 6.0. The IAA oxidizing
property of peroxidase isoenzymes was found to be more
pH-dependent than their peroxidase activity, since the
peak of pH profile of IAA oxidation was narrower than that
of guaiacol oxidation (c.f. Pig. 13, 18).
6. jyiichaelis-Menten constants (Km) for IAA oxida-
tion111 ——.
In experiment designed to determine the effect
of various IAA concentration on IAA oxidase activities
found in peroxidase isoenzymes, the proportion of IAA
to Mn++ remained constant, but the concentration of
dichlorophenol in the reaction mixture was not altered.
As shown in Pig. 19, both peroxidase isoenzymes P and
P were found to have Km of 0.2 mM with respect to IAA.
Table 5 summarized the general and catalytic
properties of peroxidase isoenzymes P and P.
Pig. 18 Effect of pH oil IAA oxidase activities
of peroxidase isoenzymes P. and
P2




























Fig. 19 Lineweaver-Burk plot of IAA, oxidase activities
of peroxidase isoenzyme P and
P2 with respect to IAA concen-
trat ion.
The proportion of IAA to MnT remained constant
in various concentrations of IAA but the con-
centration of dichlorophenol in the reaction
mixture was not altered.
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Table 5. A comparison of the physical and catalytic






Molecular weight 35,000 35,000
Number of subunits I I
Specific activity
10,975 9,161(unit/mrotein)
Estimation of Activation Energy higher lower
pH optimum 700 7.5
5.5505Km for gua iacol (mM)










0.20.2Km for IAA (mM)
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DISCUSSION
The localization of peroxidase in plant cells has
been studied by many investigators using different
methods including cytochemical studies on cellular (19,
44) 105, 135), and subcellular (44, 49, 50) levels, a.nd
centrifugation fractionation (12, 73, 85, 126). Their
results indicated that peroxidase activities are asso-
ciated with cell wall, plasmalemma, chromosome, nucleoli,
Golgi apparatus cisternae and vesicles, young and deve-
loping vacuoles, endoplasmic reticulum and both soluble
and membrane bound ribosomes. However most studies
indicated a localization in the cell wall 09, 44, 50,
73, 79, 105, 109, 126, 138 145). Jansen et ai (56)
reported that there is a high binding affinity between
cell walls and proteins, so that enzymes located in
isolated cell wall fractions might result from contamin-
ation by other cell fractions or by binding of enzymes
to the wall during homogenization. Yung and Northcote
(145) introduced.another method for determination of
cell wall enzymes: the wall enzymes were determined by
the difference between the activities of enzymes in the
cells and those in the protoplasts. This method elimin-
ates the possible artifacts resulting from contamination
by other cell fractions. In present investigation, this
82
method was employed. As shown in Table 2, 84% of the
peroxidase is located in the wall of tobacco mesophyll
cells which is in agreement with other workers' finding
(145)•
When tobacco mesophyll cell preparation was incu-
bated in the medium containing cellulase, a rapid
increase in peroxidase activity was observed in the-first
half hour (Fig. 2). Peroxidase activity in the medium
reached the plateau after 3 hours. On the other hand,
only slight increase in peroxidase activity was observed
in the medium without cellulase during incubation. This
suggests that peroxidase is probably bound to the cell
walls. In order to understand the properties of tobacco
mesophyll cell wall peroxidase, the isoenzymes were
separated and their characteristics were studied.
The most frequently used technique for detection
of isoenzymes is electrophoresis. However this practice
sometimes can lead to erroneous conclusions. Cann (14)
reported that serum albumin interacted with phosphate
borate buffer to yield two or three bands when subjected
to zone electrophoresis. In the present studies, per-
oxidase isoenzymes were separated by polyacrylamide gel
electrophoresis preparatively followed-by DEAE-cellulose
chromatography. Although Shannon et al purified seven
83
peroxidase isoenzymes for horseradish roots by repeated
ion exchange chromatography, Shinshi and NNlouguchi (124)
reported that some of the peroxidase isoenzymes in toba-
cco cell cultures separated by ion exchange chrome togra.phy
could be resolved into several components by polyacryl-
amide gel electrophoresis. They have also shown that
the electrophoretic mobilities of the peroxidase iso-
enzymes on gel were identical before and after ion
exchange chromatography, so that denaturing was unlikely
to h=ive occurred during purification. Thus the combin-
ation of polyacrylamide gel electrophoresis and ion-
exchange chromatography provides a reliable purification
method.
Two peroxidase isoenzymes were detected in tobacco
mesophyll cells by polyacrylamide gel disc electropho-
resis. Evidence for the existence of two isoenzymes
which are not artifacts derived during electrophoresis
comes from the fact that two peaks with peroxidase act-
ivity were found when crude peroxidase was subjected to
DEAE-cellulose chromatography (Fig. 3). This agrees
with the results of Mader et qI (79) who found that two
groups of anodic peroxidase were present in the cell
walls of various tobacco tissues.
The 'two peroxidase isoenzymes of tobacco mesophyll
84
cells (PI and P2) are negatively charged. Their mobi-
lities toward the anode upon electrophoresis are. faster
than that of horseradish anodic peroxidase isoenzymes
purchased from Sigma Co. (Fig. 4). The isoelectric
points of PI and P2 are shown to be 4.5 and 305, res-
pectively (Fig. 9). Further support for the acidic
property comes from their amino acid analysis. Both
of them contain a high content of acidic amino acids,
i.e o aspartic acid and glutamic acid (Table 4).
The relationship between peroxidase and hydroxy-
proline in cell walls remains a debatable question.
Shannon et al (121) found that three anodic horseradish
peroxidase isoenzymes contain trace amount of hydroxy-
proline. Ridge and Osborne(109) reported the conco-
mitant increase of hydroxyproline and peroxidase
activity in cell walls of Pisum sativum seedlings.
They thus proposed that the wall-bound peroxidase could
be one of the hydroxy-proline-rich proteins of the cell
wall. However, the present investigation showed that
both peroxidase isoenzymes in tobacco mesophyll cells
contain no hydroxyprolihe o Liu and Lainport's recent
'..
paper (74) also suggested that there is no hydroxy-
85
proline in peroxidase isoenzymes. Therefore peroxidase
dose not seem to be one of the cell wall .r)rnte-i_ns' extensin'
The two tobacco mesophyll cell wall peroxidase
isoenzymes are present in the form of single subunit.
It is because only one protein band was observed (Fig.
10) after incubation with and without mercaptoethenol
which is capable of breaking down disulfide linkages
between protein subunits. According to the relative
mobilities of these two isoenzymes, their molecular
weights were found to be equal, approximately 35,0000
Rucker and Radola (112) also reported that all the per-
oxidase isoenzymesfrom tobacco cultures have equal
molecular weight. However, Powell et-pi (101) showed
that each peroxidase isoenzyme from tobacco culture
has different molecular weights.
The separation of proteins by polyacrylamide gel
disc electrophoresis bases on the molecular weights
and the charges of proteins. In SDS electrophoresis,
only molecular weight is encountered for the mobilities
of proteins. Although both peroxidase isoenzymes have
equal molecular weight, they show different mobilities
when subjected to polyacrylamide gel disc electropho
resis. This can be attributed to the f a_ct that in com-
parison with the two isoenzymes, P,, (slow moving isoenzyme)
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ha.s higher content of basic amino acids relative to
acidic amino acids as compared to P2 (fast moving iso-
enzyme) (Table 4).
It is well known that, under certain conditions of
limited heat treatment, peroxides se can regain activity
during storage (c.f. 78). Lu and Whitaker (78) illust-
rated that the amount of peroxidase activity regained
appeared to be affected by added hematin. The regained
activity was even higher than the activity of the un-'
treated sample. As shown in Fig. 12, the activities
of peroxidase isoenzymes were enhanced when the reaction
temperature was increased. At 700C, the activities of
P1 and P2 increased to 160% and 280% of the activities
assayed at 270C respectively. The mechanism of heat
activation on peroxides se activity is obscure. The differ
ence in heat induced peroxidase P1 and P2 activities
somehow reflects the possibility of structural difference
between these two isoenzymes since heat can alter pro-
tein (enzyme) structure which is directly related to
its catalytic properties e
pH optimum and substrate affinity and specificity
are the most common criteria for characterization of
isoenzymes. In this study, peroxidase isoenzyme P, and
P„ showed different pH optima., i.e. 7.0 and 7.5 respect-
87
ively (Fig. 13) and different affinity toward hydrogen
peroxide (Fig. 14,15). The fast moving P2 has higher
affinity than the slow moving P1. This difference in
hydrogen peroxide affinity might have a significant
effect in physiological role-of these-two we 11-bound
peroxidase isoenzymes. Fast moving peroxidase isoenzyme
P2 exhibiting higher catalytic rate probably plays a
more important' role in the oxidation of plant phenolic
in the cell walls.
Both peroxidase isoenzymes P1 and P2 show IAA
oxidase activity with same pH optima, 6.0 (Fig. 18)
and Km (0.2 mM) (Fig. 19). Their IAA oxidase activities,
like typical peroxidase activity, show classic Michae1is-
Menten kinetics. Due to the ability of peroxidase to
act as IAA oxidase, it is claimed that this enzyme plays
a role in regulating the level of endogenous IAA, and
thus in tissue differentiation since tissue differentiation
in plants is concomitant with a specific and ordered
change in the pattern of peroxidase isoenzymes (7, 13,
47, 63, 139), However, it is difficult to interprete
the possible relationships between the level of IAA in
l
an organ and the activity of will bound peroxidase. It
is because 1) wall-bound peroxidases are not exposed to
endogenous IAA, 2) their Michaelis-Menten kinetics of
IAA oxidation seem unlikely to support their regulatory
88
property since regulatory enzymes inside cell usually
show allosteric effect. On the other hand, allosteric
effects are considered to be limited to enzymes contain-
ing subunits and SDS electrophoresis indicted that both
peroxida.se isoenzy,..ae P and P2 are single subunit enzymes
Penon et l (99) described the peroxida.se isoenzymec,
associated with ribosomes in lentil roots, and found
that the synthesis is regulated by IAA. Raa (104) re-
ported that in cabbage roots the IAA oxidase associated
with the ribosomal fraction has kinetic property which
indicates that it is an allosteric enzyme. It seems
probable that only those peroxidase isoenzymes that are
associated with internal structures of the cell are of




1. Two anodic peroxidase isoenzymes with similar
specific activity are present in tobacco meso-
phyll cell walls.
2. Both of the two peroxidase isoenzymes contain a
high content of acidic amino acids but lacking
hydroxyproline which has been suggested as one of
the major components of cell wall protein 'extensin'
3. These peroxidase isoenzymes exist in the form of
single subunit with equal molecular weight(35000).
Their isoelectric points, however, are different.
4. The enzyme activities of these two iscenzymes
increase with the increase of reaction temperature
up to 70C, However, the degree of increase in
enzyme activity in these two isoenzymes is different.
5. These two peroxidase isoenzymes show similar affini-
ties towards guaiacol, the hydrogen donor in the
enzymic reaction. Their pH optima and affinities
towards H2O2 are different. Substrate inhibitions
are found in both peroxidase isoenzyme catalysed
reactions.
6. Both the two peroxidase isoenzymes show IAA oxidase
activity. The pH optima and the Michaelis-Menten
constants are found to be the same.
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